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Abstract:
Background:  Common fetal parameters for gestational age (GA) estimation have pitfalls especially in advanced pregnancy 
and pregnancy complicated by fetal structural anomaly.
Objective: To assess the relationship between umbilical cord size and GA of  the fetus.
Subjects and Methods: A sonographic cross sectional study involving 300 pregnant women with GA between 14 weeks to 
40 weeks was done in Enugu, Nigeria. Gestational ages were first estimated by use of  Naegele’s formula for GA estimation 
based on the date of  onset of  each subject’s last menstrual period. Fetal parameters such as biparietal diameter, femur length, 
head circumference and abdominal circumference were measured and also used to estimate GA. Umbilical cord diameters 
were measured and used to compute the umbilical cord cross-sectional area. 
Results: The mean umbilical cord diameter and cross-sectional area were 14.5mm + 7.2mm and 201.6mm + 139.5mm2 
respectively. Umbilical cord growth rate of  1.0mm/week was noted between the 14th and 35th week of  pregnancy. There 
were significant correlations (p < 0.001) between umbilical cord size and other fetal parameters for GA estimation. 
Conclusion: Umbilical cord size had strong linear relationship with common fetal GA estimation parameters and could be 
used to compliment these parameters for GA estimation. 
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Introduction 
Accurate knowledge of  the gestational age (GA) is an 
important determinant of  both antenatal care and suc-
cessful delivery of  babies. Gestational age is also a vital 
factor in the interpretation of  biochemical screening 
tests such as human chorionic gonadotropin (HCG), 
Alfa feto protein (AFP), estrogen and progesterone lev-
els. Accurate knowledge of  these and other maternal 
serum markers is required in the assessment of  fetal 
anomalies and also in evaluating fetal growth by dis-
tinguishing the normal from pathological fetal devel-
opment.1 This allows obstetricians to institute the best 
possible antenatal care that may enhance optimal preg-
nancy outcomes. Furthermore, such important clinical 
decisions as elective caesarean section (CS) and induc-
tion of  labour for vaginal delivery often depend on ac-
curate knowledge of  the GA.2
Gestation lasts for about 40 weeks (280 days) with the 
GA being calculated from the first day of  onset of  the 
woman’s last menstrual period (LMP). Unfortunately, 
calculation of  the GA based on LMP is often inaccu-
rate as many women, especially those with a history of  
irregular menstrual periods prior to conception, are of-
ten unsure of  the date of  onset of  their LMP. Ultra-
sound (US) imaging is now a commonly used modality 
to estimate the GA by measuring fetal parameters such 
as biparietal diameter (BPD), femur length (FL), head 
circumference (HC), and abdominal circumference 
(AC). Differences in techniques of  measurement tend 
to diminish the accuracy of  US measurement of  fetal 
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parameters as estimators of  GA. Estimation of  GA 
based on BPD in the third trimester of  pregnancy, for 
instance, is generally unreliable because BPD is affected 
by shape and size of  the head.3 Measurement of  HC as 
a predictor of  GA compensates for the deficiencies of  
BPD due to shape of  the head but HC measurement 
often appears technically more difficult and carries a 
higher degree of  observer bias.2 Furthermore, meas-
urement of  FL for dating at later stages in pregnancy is 
considered unreliable as the femur, in some cases, ap-
pear foreshortened and therefore, may not give accurate 
GA in cases of  dwarfism. Measurement of  AC in the 
later stage of  pregnancy has been touted as the single 
most important fetal dimension. It is however, more 
reflective of  fetal size/weight than gestational age. In 
small for date fetuses, for instance, AC may not be a 
reliable estimator of  GA.3
Studies have shown that as pregnancy progresses, the 
accuracy of  fetal parameters as estimators of  GA may 
wax or wane. In the second trimester, for instance, BPD 
is accurate to GA by + 10 days and + 21 days in the 
third trimester. Similarly the FL is accurate to GA by 
+ 6 days in the second trimester while in the third tri-
mester, it is accurate to GA by + 14 day. 4, 5 However 
from 20 weeks of  gestation, it is more reliable to use the 
mean values of  BPD, FL, HC and AC because the use 
of  a single parameter such as BPD becomes relatively 
unreliable. A combination of  the use of  these fetal pa-
rameters is known as multiple fetal growth parameters 
(MFGP).6,7 Since there are drawbacks in the above list-
ed fetal parameters, another parameter for supplement-
ing the GA estimation with minimal error is, therefore, 
imperative. 
Karthikeyan et al,8 Ohagwu et al9 and Nyberg and 
Finberg10 had, in previous studies, assessed placenta 
thickness as predictors of  GA, and each reported posi-
tive correlations between placental thickness (PT) and 
GA. The umbilical cord is an important feto-maternal 
unit which contains two arteries and one vein. It modu-
lates blood conveyance between the fetus and placen-
ta. Sonographic assessment of  the length, thickness, 
number of  vessels, their diameters, amount of  Whar-
ton’s jelly, type of  placental insertion, coiling and blood 
flow patterns are some characteristics of  the umbilical 
cord that may reveal increased risk for possible antena-
tal and pre-natal complications.11 Raio et al12 had, in 
a previous study, used ultrasound to measure umbilical 
cord cross-sectional area as an estimator of  GA and 
reported that that umbilical cord cross-sectional area is 
a more reliable estimator of  GA than commonly used 
fetal parameters for GA estimation. There is paucity of  
data on the umbilical cord cross-sectional area as a pre-
dictor of  GA from the local population. It has, how-
ever, been established by various studies that there is 
racial variations in the size and shape of  different fetal 
parameters.13,14 The purpose of  the present study is, 
therefore, to use ultrasound to measure umbilical cord 
size (diameter and cross-sectional area) among a pop-
ulation of  healthy pregnant Nigerian women of  Igbo 
descent in Enugu, Southeast Nigeria, and to determine 
if  there is a correlation between umbilical cord size and 
gestational age of  their fetuses.
Subjects and Methods  
This prospective cross sectional study was carried 
out between March and October 2012 at University 
of  Nigeria Teaching Hospital (UNTH), Ituku-Ozalla, 
Enugu. Ethical approval for the study was obtained 
from UNTH Research and Ethics Committee while in-
formed consents of  patients were obtained before the 
study began. 
Purposive sampling method was used to select a sam-
ple of  300 subjects from the population of  antenatal 
attendee at the antenatal clinic of  UNTH. Inclusion 
criteria were: singleton gestation, viable fetus, GA (es-
timated from patient’s LMP) of  13 weeks and above, 
unruptured membranes, and normal amniotic fluid in-
dex. Exclusion criteria included: diabetes mellitus, un-
sure of  date, multiple pregnancy, and hypertension of  
any etiology. The laboratory investigations carried out 
to exclude diabetes mellitus were urinalysis (sugar), fast-
ing blood sugar, random blood sugar and 2 hours post 
prandial tests while that of  hypertension included uri-
nalysis (protein), serum / electrolyte / urea / creatinine 
(S/E/U/Cr) and total cholesterol tests.
Scanning technique: Only trans-abdominal sonograph-
ic examinations were performed with DP 1100, a high 
resolution, real time scanner manufactured in 2008 
by Shenzhen Mindray Biomedical Electronic Co. Ltd. 
China, with a 3.5 MHz convex probe. Examinations 
were carried out with subjects in supine position. All 
measurements were made on still images captured with 
the freeze facility of  the ultrasound scanner with the 
on-screen electronic caliper of  the ultrasound unit. All 
sonographic measurements were obtained by an expe-
rienced obstetric sonographer with over 20 years ex-
perience in obstetric sonography. Commonly measured 
fetal parameters for GA estimation such as the BPD, 
FL, HC and AC were all measured following the depart-
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mental protocols for such measurements. Ultrasound 
estimation of  GA was obtained using the algorithm of  
the scanner based on the formula proposed by Hadlock 
et al.15 Furthermore, images of  the umbilical cord used 
for measurements were captured only when outer edges 
of  the umbilical cord were outlined in a longitudinal 
plane. From this plane, the probe is turned to obtain a 
transverse scan image. Umbilical cord diameters were 
measured only on the transverse section (figure 1) as 
described by Ghezzi et al.16 Measurements of  the um-
bilical cord diameter (figure 2), were obtained in a cross 
sectional plane of  the umbilical cord at a point, 2.0 cm 
away from point of  insertion into the fetal abdomen.17 
Diameters obtained from these measurements were 
used to compute the cross sectional area of  the umbili-
cal cord. The GA estimation was based on reliable rec-
ollection of  the date of  onset the last menstrual period 
(LMP) and the GA calculated from LMP was validated 
by ultrasound scan done within the first trimester of  
cyesis.
Data Analysis: Statistical analysis was done using sta-
tistical package for social sciences (SPSS) version 17.0, 
USA. All statistical tests for significance of  differences 
were done at a level of  5% using two-tailed t-test.  Pear-
son’s product moment correlation (r) was used to ana-
lyze association of  umbilical cord size and other fetal 
parameters with GA. 
Results 
Table 1 shows that the mean umbilical cord diameter is 
14.5 + 7.2mm while the mean cord cross-sectional area 
is 201.6 + 139.5mm2. At 14 weeks of  gestation, mean 
cord diameter was 2.0mm while it was 24.2mm at 40 
weeks. In the same period, mean cord cross-sectional 
areas were 23.3mm2 and 452.4mm2 respectively. Tables 
2 and 3, and figures 3-6 show that cord diameter appear 
to increase as GA increased. Tables 2 and 3 also show 
that umbilical cord size (diameter and cross-sectional 
area) and other fetal parameters for GA estimation; 
BPD, FL, HC and AC all increased as pregnancy ad-
vanced.
Tables 2 and 3 and figures 7-8 further show that there 
were linear relationship and statistically significant cor-
relation (p < 0.001) between umbilical cord diameter 
and cross-sectional area with other fetal parameters for 
gestational age estimation such as; BPD (r=0.95); FL 
(r=0.87); HC (r=0.85); AC (r=0.83), and BPD (r=0.97); 
FL (r = 0.88); HC (r = 0.87), and AC (r=0.92) for um-
bilical cord diameter and cross-sectional area respec-
tively.
Discussion
The attainment of  best possible antenatal care and suc-
cessful pregnancy outcome depends largely on the ac-
curate knowledge of  the gestational age (GA). Ultra-
sound has remained an important imaging modality in 
estimating GA. Estimation of  GA using multiple fetal 
parameters has been described by many authors.6 Um-
bilical cord cross-sectional area has been reported in a 
previous study to be reliable in estimating GA.12
In the present study, we found a mean umbilical cord 
diameter of  14.5mm and a mean cross-sectional area of  
201.6mm2. This result is only slightly different from the 
mean umbilical cord diameter of  15 mm reported in a 
previous study among Caucasian subjects.18 However, 
the mean umbilical cord diameter found in the present 
study is significantly smaller than 20mm reported in a 
Turkish population.19 The mean umbilical cord cross-
section area reported in the present study, on the other 
hand, appears significantly larger than 191mm2 report-
ed among Indian subjects.20 Both umbilical cord diam-
eter and cross-sectional area (24.3mm and 452.4mm2 
respectively) found at term in the present study, may 
therefore, be the upper limits of  umbilical cord size 
among the population studied. Causes of  these varia-
tions were not investigated in the present study. It is 
likely, however, that variations in the mean of  umbilical 
cord sizes may suggest possible racial or environmental 
differences in umbilical cord development. Differences 
noted could also have been due to possible observer 
bias in the measurements of  the cord parameters.
In the present study, the umbilical cord diameter ap-
peared to have increased at the rate of  1mm/week 
from the 14th-30th week of  gestation. Mean umbilical 
cross-sectional area was also found to increase stead-
ily as pregnancy advances. In the present study, both 
umbilical diameter and its cross-sectional area positively 
correlated (r=0.973 and r=0.974 respectively) with GA. 
Results of  the present study align with those of  Togni 
et al21 who produced normality curves for gestational 
age estimation using the cross sectional areas of  umbili-
cal cord vessels and quantity of  Wharton’s jelly respec-
tively. In the study, it was reported that umbilical cord 
cross-sectional area increased as pregnancy advanced. 
Results of  the present study also corroborate those of  
Weismann and Drugan22 who had earlier reported a 
strong positive correlation between umbilical cord size 
(diameter and cross sectional area) and GA. Further-
more, Gehzzi et al16 had equally reported that sono-
graphic cross sectional diameter and area of  umbilical 
cord increased as cyesis advanced while Togni et al21 
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had earlier reported a significant correlation between 
cord cross-sectional area with other fetal anthropomet-
ric parameters. The results of  present study therefore 
support earlier opinions suggesting that sonographic 
measurement of  umbilical cord components are impor-
tant tools for the assessment of  fetal growth.
The present study also found that commonly used fe-
tal parameters for sonographic estimation of  GA such 
as BPD, FL, HC and AC all increased as cyesis ad-
vanced, and that they all correlated positively with GA. 
Weismann and Drugan22 and Vasques et al23 had in 
separate studies, reported strong correlations between 
commonly used fetal parameters for GA and umbili-
cal cord size. Moreover, Strong et al24 and Gehzzi et 
al16 also found that sonographic cross sectional diam-
eter and area of  umbilical cord increases as pregnancy 
advanced, and that both (umbilical cord diameter and 
cross-sectional area) correlated positively with both GA 
and fetal weight. While it may be plausible to assert that 
sonographic measurement of  umbilical cord size could 
be used to estimate GA, there is need to compare its 
accuracy with other commonly used fetal estimators of  
GA.
The results of  the present study, however, showed that 
umbilical cord diameter and cross sectional area have 
strong linear relationship with common fetal GA es-
timation parameters especially between 14 - 35 weeks 
GA. Before the 14th week and after the 35th week, it 
appeared that umbilical cord did not increase in size with 
increase in GA. It appears to suggest that sonographic 
measurement of  umbilical cord size could become an 
important adjunct when it is certain that other com-
monly used fetal parameters would be difficult to meas-
ure such as in cases of  hydrocephalus, anencephalies, 
dwarfism, and in cases of  small for-date fetuses. How-
ever, this requires further investigations.
A major limitation of  the present study is the small sam-
ple size selected which may make results of  the study 
less generally applicable in a country as populous as Ni-
geria. Development of  GA prediction model using um-
bilical cord size suitable for the local population could 
also have improved the quality of  the present study. 
Conclusion
Umbilical cord size had strong positive correlation with 
fetal biometric parameters in the population studied. 
Sonographic measurement of  umbilical cord size could 
be a reliable method of  assessing fetal growth and pre-
diction of  GA especially between 14 - 35 weeks GA 
among the population studied.    .
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